ABSTRACT. Sheep were inoculated with high tax coded pBLV-IF (H group, Nos.1-5) of bovine leukemia virus (BLV), wild tax coded pBLV-IF (W group, Nos. 6-11), or control plasmid (C group,. During the observation period (4 to 46 months), 5 of 5 cases in H group and 3 of 6 cases (Nos. 6, 7, 9) in W group became positive for gp 51. Only 1 case in H group became leukemic, and one case each of H and W groups developed lymphoma. In No. 3, lesions were found in multiple organs including the lymph nodes, gastrointestinal tract following abomasum, and heart. In No. 6, lesions of lymphoma were found only in the jejunum and heart. Morphologically, small to middle-sized lymphocytic neoplastic (NP) cells were found in both cases, but lymphoblastic NP cells were found only in No. 3. By immunohistochemical examination, the phenotypes of NP cells were determined as CD1 -, CD4 -, CD5 --, CD8α -, sIgM + , λ light chain + , B-B4 + , MHC class II + in both case. The results of this study indicate that inoculation of pBLV-IF can induce lymphocytic and lymphoblastic leukemia/lymphoma in sheep. Additionally, it is suggested that the expression rate of tax gene is not associated with the development of leukemia/lymphoma in sheep experimentally inoculated with pBLV-IF.
Tax protein, which is encoded in pX region of the BLV, affects the host-side gene expression and function associated with cellular proliferation as well as activating viral gene expression and viral replication [16] , so it has been thought to be a main cause of the development of BLVinduced leukemia [5] . Tajima and Aida [10] identified a tax mutant, D247G, which has a missense mutation at codon 247 (from Asp to Gly) as compared with λ BLV-1 [9] , and exhibits markedly stronger transcriptional activity than the wild type tax (wild tax) protein from the infectious molecular clone of BLV [5] . Inabe et al. [5] constructed the wildtype infectious BLV molecular clone (wild tax pBLV-IF) and Tajima et al. [10] constructed the mutant infectious molecular clone of BLV that encoded D247G, with elevated transactivation activity, and also reported that high tax pBLV-IF produced many viral proteins and particles. These produced viral particles infected cultured cells more effectively than these wild tax pBLV-IF transfected. But, in in vivo study, they found no significant difference in the viral load or the expression of viral RNA between sheep inoculated with wild tax and sheep inoculated with high tax [11] . Thus, we inoculated with high tax or wild tax pBLV-IF into sheep followed by long-term observation, and performed hematological, serological, gross observation, histopathological and immunohistochemical studies to determine whether pBLV-IF could induce ovine lymphoma. 
MATERIALS AND METHODS

Animals
, and dioleoyl phosphatidylethanolamine (2 µmol), was injected to the dorsal portion of the bilateral shoulders of sheep subcutaneously [15] . We set the observation period to 4 years, but if sheep developed lymphoma or died by accident before termination, examination was performed at the time. All experiments were conducted according to the guidelines of The Iwate University.
Hematological and serological examination: Blood was collected from the jugular vein. The heparin-contained blood was used for counting of red blood cells (RBC) and white blood cells (WBC) with an automated cell counter for animals (Celltac MENK-5258, Nihon Koden, Tokyo, Japan), and preparation of blood smear samples stained with May Giemsa for differential white blood count. The serum obtained was used for detection of antibody to BLV glyco-protein 51 (gp51) and BLV internal protein (p24) by agargel immunodiffusion (ID) test.
Necropsy and histopathological examination: We performed necrospy of the sheep, which were euthanized by bleeding following the experimental design, or died by accident during the study period, for detailed microscopic examination. Tissue samples were collected from liver, spleen, kidney, heart, lung, lymph nodes and other organs, and fixed with 10% formalin solution. These samples were embedded in paraffin, sliced into thickness of about 4 µm by microtome, and stained with hematoxylin and eosin (HE) for histopathological examination.
Immunohistochemical examination: In cases 3 and 6, which had macroscopic lesions of lymphoma, tissue samples were collected from tumor tissue. These samples were embedded in OCT compound (Sakura Finetechnical Co., Ltd., Tokyo, Japan) followed by quick freezing with liquid nitrogen, and preserved at -80°C. The frozen tissues were sliced to about 4 µm by a high-speed cryostat (CM1900, Leica, Germany), and the sections were extended onto slide glasses processed by 3% saline acetone solution, dried, and fixed with 100% ethanol for 8 min. Immunohistochemical examination was performed by the Dextran polymer immunocomplex method. The monoclonal antibody (MoAb) (VMRD, Pullman, WA [2] ) ( Table 2 ) to ovine lymphocyte differential antigen was used as a primary antibody. After washing with 0.05 M Tris-HCl buffered saline, the section was reacted with peroxydase-labelled dextran-binded antimouse immunogloblin goat polyclonal antibody (Dako Envision-System, Labelled Polymer, HRP, Dako Corporation, Carpinteria, CA, U.S.A.) for 60 min.
Calculation of lymphocytic subset: The ratios of MoAb (Table 2) .
RESULTS
Serological examination and hematological examination:
The observation period ranged from 4 to 46 months. The results of ID test and the hematological findings of the latest blood samples are shown in Table 1 .
In all cases of H1 and H2 groups, 2 cases of W1 group and 1 case of W2 group, the serum antibody to BLV glycoprotein 51 changed to positive in the ID test. In only one of all 14 animals (No. 6), the serum antibody to BLV internal protein 24 changed to positive at day 373 post-inoculation (pi).
In hematological examination, No. 3 had an acute increase in the count of WBC (85,600/mm 3 ) at day 1,203 pi. The counts of atypical mononuclear cells (AtMC) and mononuclear cells (MNC) were 77,896/mm 3 and 83,032/ mm 3 , respectively, and marked increases of large lymphoid neoplastic (NP) cells and mitosis were sporadically found on the blood smear. Then, from day 1,204 to day 1,211 pi, the counts of WBC, AtMC, and MNC were elevated in number from 89,800/mm 3 3 . In other animals, no significant hematological changes were found.
Gross lesion:
Outcome, findings at necropsy, clinical and macroscopic total diagnosis and observation period are shown in Table 3 . Lesions of lymphoma were found in Nos. 3 and 6. There was no macroscopic lesion of lymphoma in any of the other 10 cases.
In No. 3, tumor tissue involved the abomasum wall (maximum thickness of 6 cm), heart, cecum, urinary bladder, and adipose tissue around the colon. The tissue of systemic lymph nodes, including posterior mediastinal lymph nodes (19 × 4 × 2 cm, 124 g), intestinal and mesenteric lymph nodes, and hemolymph nodes (maximum size was same as the head of little finger, 1.5 g) in almost the entire body became tumorous.
In No. 6, tumor (11 × 10 × 8 cm in size) was found around the jejunum, which caused narrowing of this area with ulceration (maximum size was 4 × 0.5 cm, Fig. 1 ). From these findings, we determined the total diagnosis as lymphoma in the jejunum.
Histopathological and immunohistochemical examination: In No. 3, the NP cells infiltrated and proliferated in the lymph nodes, spleen, gastrointestinal tract from abomasum to cecum (Fig. 2) , heart (mainly in the right auricle), and around the urinary bladder, liver, gall bladder and kidney. Because of marked infiltration and proliferation of NP cells, the normal architecture was lost or obscure in lymph nodes (from cortex to medulla), abomasum (from mucosa to muscularis), jejunumand ileum (from mucosa to serosa), whereas the spleen retained the structure of red and white pulp. From morphological characteristics, NP cells appeared to be devided into 3 types: Lymphobalstic, prolyphocytic, and lymphocytic NP cells (Fig. 3) . Lymphoblastic NP cells were found mainly in cortex of lymph nodes, white pulp of spleen, from tunica propria mucosae to tunica submucosae in abomasum and cecum. Prolymphocytic and lymphocytic NP cell were found in other area including medulla of lymph nodes, or red pulp of spleen. Mitosis of NP cells was also seen in some tissues. Additionally, in lymph nodes, interspersed histiocytes with phagocytosed lymphocytic debris produced the "starry sky" patterns. From these findings, the lymphoma in this sheep was thought to be diffuse mixed type [12] . In No. 6, the NP cells in the tumor mass around the jejunum exhibited 2 types of morphology: Lymphocytic, and prolymphocytic NP cells. These 2 types of cells mixed, infiltrated and proliferated diffusely. Additionally, mitosis of NP cells and starry sky patterns were sporadically seen, and necrotic foci were also found.
In the right auricle of the heart, small lymphocytic NP cells diffusely infiltrated and proliferated from the epicardium to adipose tissue, intermyocardium and endocardium. From these findings, the lymphoma in this sheep was thought to be diffuse mixed type [12] . Lesions of lymphoma were locally found in the jejunum and heart, but not in the lymph nodes or spleen. The other 12 cases, which did not have macroscopic lesion of lymphoma, also did not have microscopic lesions.
On immunohistochemical examination, most NP cells of both No. 3 and No. 6 were positive for B-B4 (Fig. 4) and MHC class II, negative for CD5, CD8α, CD1 and CD4, and a few cells were positive for CD5. The percentage of antibody-positive NP cells for each antigen is listed in Table 2 .
DISCUSSION
Although sheep do not exhibit the pathological status of PL [8] , No. 3 had a MNC count over 20,000/mm 3 , and leukemic change in peripheral blood on hematological examination. The incidence of leukemia was 1/5 in H group, and 0/6 in W group. Comparing the 4 cases in H group (Nos. 1, 2, 4, 5) except No. 3 that developed lymphocytic leukemia with 4 cases in W group (Nos. 6, 9-11) that had available data for change with time in count of WBC and MNC, there was no significant difference. On serological examination, incidence of pBLV-IF infection determined by ID examination was 5/5 in H group, and 3/6 in W group, so pBLV-IF infection was achieved with higher incidence in H group. Because tax protein activates expression and function of the BLV gene [16] , it was thought that high tax induced more accelerated function of tax protein than did wild tax. However, we could not find the detailed mechanism.
We found NP cells in more organs of case No. 3, which exhibited leukemic status by histopathological examination than in No. 6, which did not exhibit leukemic status. In No. 3, the proliferating NP cells were thought to be derived from more morphological immature lymphocytes than in No. 6, because lymphoblastic NP cells were found in lymph nodes, spleen and abomasum in No. 3 but not in No. 6. Addition- ally, lesions of lymphoma were locally found in the jejunum and heart, but not in the lymph nodes or spleen in No. 6. This may be explained by that the proliferation of NP cells was inhibited by a host factor [11] . [4] demonstrated that enzootic bovine lymphoma are tumors of mature B cells with common characteristics suggesting that pressures associated with BLV infection which favor tumor development are manifested late in B cell ontogeny, possibly during the isotype switch period. Aida et al. [1] reported that NP cells in EBL appeared to be divided into two types: sIgM + or sIgM -mature B-cell lineages. Additionally, Murakami et al. [7] reported that neoplastic cells in sheep experimentally infected with BLV and developed lymphoma appeared to be classified as 2 immunogloblin isotypes: sIgM-expressing mature B cells, and expression of immunogloblin other than sIgM. Thus, the NP cells from our two sheep experimentally infected with pBLV-IF which developed lymphoma in this study may be classified into the sIgM + mature B cell lineage. Murakami et al. [7] classified the phenotypes of NP cells in tumorous lymph nodes induced by BLV into 2 types: CD4 -, CD5 -, CD8α, sIgM + , B-B2 + , MHC class II + , and CD4 -, CD5 -, CD8α -, sIgM -, B-B2 + , MHC class II + in sheep. In this study, the NP cells were thought to be classified as former type. Although some in vivo studies [3, 6, 13, 14] used recombinant BLV provirus to determine its infectivity, and successfully induced leukemia and lymphoma in sheep, to our knowledge, this is the first report of a pathological study of sheep induced with BLV high tax molecular clone.
